Examination of 43 white perch from a heavily polluted water basin showed all had severe diffuse glomerulonephritis. There were fibrinoid necrosis of tuft vessels, especially the afferent and efferent arterioles, and thickened basement membranes which ultrastructurally contained dense deposits in a subendothelial location.
Global water pollution is recognized to be a severe threat not only to the health of fish [2, 121 but also to humans who either drink the water or eat food from it [9] . The search for a sentinel for the early detection of environmental contaminants has arisen out of heightened awareness. Much attention is being focused on teleost fish [3] , but monitoring criteria such as specific disease syndromes or lesions, must be identified and correlated with water quality data before a sentinel system can be developed. Unique or rare lesions are useful criteria since they may be specific for a particular pollutant, but there are few examples of such unique correlations.
Renal lesions are common in many diseases of fish [l] . Nephrocalcinosis, proliferative kidney disease, and bacterial kidney disease are a few examples. In nephrocalcinosis, the granulomatous response surrounding mineralized deposits may involve some glomeruli which become sclerotic [7] . The largely interstitial granulomatous reactions to the presence of Renibacterium salmoninarum in the case of bacterial kidney disease, and to a presumed protozoan parasite in the case of proliferative kidney disease [4] , similarly may extend to involve the glomeruli. There are few reports, however, of primary glomerulonephritis in fish. Mesangioglomerular fibrosis was reported in rainbow trout (Salmo gairdneri) with exophthalmia, generalized edema, and hepatic hemorrhage [ 81. Prominent basement membranes were observed in the glomeruli of diabetic carp [13] . The present findings add to this small list, and represent the first report of epizootic membranous glomerulonephritis in a wild fish population.
Examination of a variety of fish species routinely sampled from Hamilton Harbour (Lake Ontario), a bay heavily polluted with industrial and domestic waste, revealed the presence of severe diffuse glomerulonephritis in two white perch (Roccus americanus). The striking and unusual severity of the lesions prompted the present study which describes the light microscope and ultrastructural features, as well as limited serum biochemistry. For comparison, white perch from another relatively unpolluted site in Lake Ontario (Bay of Quinte) and from Long Point, Lake Erie also were examined, in addition to white bass (Roccus chrysops) from the same location in Hamilton Harbour.
Materials and Methods
All fish were caught with gill and trap nets during the summer and fall months and were transported to the laboratory in oxygenated water. Upon arrival they were anesthetized with tricaine methanesulphonate, blood was collected from the caudal vein for smears and serum biochemistry, and then the fish were killed by decapitation.
Tissues for light microscopic and ultrastructural examination were placed immediately in 10% neutral buffered formalin or ice-cold 2% glutaraldehyde in a cacodylate buffer, respectively. Formalin-fixed tissues were processed routinely to paraffin blocks. Glutaraldehydefxed tissue was post-fixed for one hour in 1% osmium tetroxide at 4"C, dehydrated in graded ethanols, and embedded in resin. Ultrathin sections were stained with uranyl acetate and lead citrate and viewed in an electron microscope.
Tissues for light microscopic examination included heart, brain, gills, eye, hepatopancreas, stomach, intestine, gonad, muscle, skin, spleen, and anterior and posterior kidney. Only the posterior kidney of three white perch from each of the Lake Ontario locations was examined ultrastructurally. All fish captured from the various locations (see numbers below) were examined by light microscopy.
Serum from fish randomly selected at capture, was pooled, frozen, and stored at -20°C until required for analyses which were done on a Monitor KDA analyzer (American Monitor Corporation, Indianapolis, Ind.).
Forty-three white perch were examined from Hamilton Harbour from collections during the fall of 1979, and summers of 1980 and 1981. The fish were of both sexes and varied in length from 12 to 25 cm. Six white bass from Hamilton Harbour were collected during the fall of 1979. Comparison samples of white perch from the Bay of Quinte, Lake Ontario (8 fish), and Long Point, Lake Erie (12 fish), were captured during the summer and fall of 1980, respectively.
Results
No significant lesions were found in any of the Bay of Quinte (Lake Ontario) or Long Point (Lake Erie) white perch, or the Hamilton Harbour (Lake Ontario) white bass.
In the Hamilton Harbour white perch, gross lesions were limited to petechial hemorrhages scattered throughout the posterior (excretory) kidney. Histologically, all fish had severe, diffuse glomerulonephritis. The most striking change, seen in more than 80% of the fish, was a marked enlargement of glomeruli ( fig. 1 ). The fig. 3) . Proliferation of epithelial cells with synechiae sometimes accompanied these changes. On occasion, this proliferation was so pronounced that other changes were obscured. In these cases, the glomeruli were enlarged-often to three times their normal diameter. Some glomeruli had thickened Bowman's capsules surrounded by fibrinoid necrosis.
By comparison with the glomerular damage, tubular changes were slight, and were most obvious in those fish with severely damaged glomeruli. Protein casts were present in some tubules. There was degeneration and necrosis of tubular epithelium, but regeneration also was evident. Minor inflammatory infiltrates were seen around degenerated tubules, but no interstitial inflammation was seen and cell numbers were no higher than would be expected normally in this hemopoietic tissue.
The spleen of many fish had evidence of loss of vascular integrity. This consisted of fibrinoid necrosis of a few ellipsoids, involving both the axial vessel and the reticulin sheath. There were several foci of reticular cell proliferation, apparently occupying sites of degenerate ellipsoids. The most obvious change, however, was the presence of one or several large foci of hemorrhage, again possibly associated with degenerate ellipsoids.
There was severe hyperplasia and fusion of the secondary lamellae in the gills of At the ultrastructural level, the glomerular basement membranes were much thicker in affected fish than in those from Bay of Quinte ( fig. 4) . In most cases, they also appeared to be more electron-dense, due largely to the presence of subendothelial deposits. These had a dense homogeneous character, but also had a fibrillar component with faint periodicity. Epithelial and endothelial cells were similar in both affected and nonaffected fish. There was no fusion of foot processes nor increased density of the cytoplasmic matrix adjacent to the basement membrane.
No morphological changes were found in any of the blood smears examined. Serum biochemistry data for affected Hamilton Harbour perch and normal Bay of Quinte perch are given in table I. Allowing for the facts that there are no published reference data for this species, to the best of our knowledge, and that the pools are small, the potassium, phosphorus and calcium all appeared to be elevated.
Discussion
The two major features of the glomerulonephritis were the fibrinoid necrosis of the tuft vessels, and the presence of subendothelial electron-dense deposits overlying a markedly thickened basement membrane.
The generalized Shwartzman reaction in rabbits may lead to fibrinoid necrosis of blood vessels, especially the glomerular tuft arterioles and capillaries [ 101. The finding of vascular necrosis in the spleen, and the possibility that the subendothelial electrondense glomerular deposits were partially, if not wholly, fibrin (suggested by their fibrillar, faintly periodic appearance) may argue for the involvement of a Shwartzman-like reaction.
Alternatively, the subendothelial deposits, especially with the thickened basement membrane which would be unexpected in a Shwartzman reaction, suggest the more likely possibility of an immune-complex mediated glomerulonephritis, although confirmation awaits immunofluorescence studies. The deposits were always in a subendothelial location, and while the site of deposition of immune complexes varies depending on a variety of factors [5, 61 , any deductions on the pathogenesis of the lesions based on location of deposits, would be speculative.
The relatively mild tubular degeneration may be an integral part of the reaction, or it may be merely the result of anoxia from apparent glomerular blood stasis. In this context, however, it is worth noting that fish have a renal portal system which should help counteract any tendency towards such anoxic damage.
The cause of the glomerular lesions reported here is unknown. The complete absence of lesions in white perch from the Bay of Quinte (Lake Ontario) and Long Point (Lake Erie) collections combined with the high prevalence observed in Hamilton Harbour over three years, suggests the possibility of pollution-associated disease. Hamilton Harbour receives a wide array of industrial and domestic contaminants including heavy metals, any of which, either singly or in combination, could be involved in the pathogenesis of these lesions via water or food-borne toxicity. The possibility of an infectious agent being involved in the pathogenesis of these lesions cannot be discounted, and even though none was seen, work continues on isolation procedures.
The elevated serum potassium and phosphorus levels are consistent with the renal failure seen in these fish. Approximately 10% of the fish did not survive the short journey between Hamilton Harbour and the laboratory, although the transporting techniques have been adequate in the past, even for fragile species. The elevated potassium levels in particular may explain this sensitivity to transport, possibly due to either cardiac arrest or central nervous system disturbance. Organ systems such as skin, gut and gill perform osmoregulatory and excretory functions in teleost fish. Indeed, the gills have a major responsibility for ammonia excretion: ammonia is the main nitrogenous end product of teleosts. The serum values suggest, however, that under normal circumstances, the kidney is primarily responsible for the excretion of potassium and phosphorus, and that other organ systems cannot compensate adequately for a failure of renal excretion of these substances.
The absence of glomerular lesions in the white bass is interesting since both species belong to the same genus, and in Hamilton Harbour inhabit similar ecological niches. This may weaken the argument for a toxic etiology, but there are other examples of closely related species of fish reacting differently to toxic compounds. Rainbow trout (Salmo gairdneri) are highly susceptible to the toxic actions of dietary rancid fats, whereas brown trout (Salmo trutta) are much less susceptible [ll] . A food preference between species also could explain the difference, since bioaccumulation and tissue burdens often reflect prey species residue levels.
We believe that this is a unique example of disease in a wild fish population, which might be an immune-mediated response to an environmental pollutant. Further studies are needed to elucidate the exact etiology and pathogenesis of the syndrome, but the condition may have potential as an indicator of environmental quality. The effect on the fish population as a whole is unknown.
